albumin changed over time on PD, although they were closely linked to plasma IL-6 levels. A strong positive correlation was found between D/P creat and dialysate IL-6 (rho = 0.77, p < 0.0001) at baseline, but not at 1 year. In contrast, there was a significant correlation between D/P creat and dialysate sIL-6R (rho = 0.39, p < 0.05) at 1 year, but not at baseline. At 1 year, 17 patients with increasing PSTR had higher increases in dialysate IL-6 (28 ± 26 vs -21 ± 78 pg/mL, p < 0.05) and levels of dialysate sIL-6R (693 ± 392 vs 394 ± 274 pg/mL, p = 0.05) compared to patients with stable PSTR (n = 11). Patients who had peritonitis presented higher baseline serum IL-6 concentration (6.8 ± 1.0 pg/mL) compared with patients without peritonitis (4.0 ± 0.6 pg/mL, p < 0.05). Finally, both at baseline and after 1 year, there were significant correlations between plasma and dialysate IL-6 (rho = 0.46, p < 0.05, and rho = 0.40, p < 0.05) respectively. ♦♦ ♦♦ ♦ Conclusions: These findings indicate that, (1) intraperitoneal and systemic inflammation increase in PD patients during the first year of therapy; (2) intraperitoneal and systemic inflammation may be interrelated and the IL-6 system may be the link; (3) the IL-6 system (both intraperitoneal and systemic) is associated with PSTR, particularly in the early phase of PD treatment, in which small and large solute transport are linked. Signs of a transition between acute and chronic inflammation were observed in the follow-up evaluation. Inflammation may, at least in part, be responsible for the development of a high PSTR, and this could be one reason for the high mortality in patients with high PSTR. conventional glucose-based solutions participated in a longitudinal study. IL-6 and sIL-6R were measured in plasma and overnight effluent, both at baseline and after 12 ± 2 months on PD. C-reactive protein (CRP) and serum albumin were used as surrogate markers of inflammation. PSTR of small solutes was evaluated using the dialysate-toplasma ratio (D/P) of creatinine after a 4-hour dwell; PSTR of large solutes was evaluated using the 24-hour D/P ratio of albumin. . Dialysate IL-6 at baseline was also higher (p < 0.05) in patients with plasma IL-6 ≥≥ ≥≥ ≥ median [24.7 (16.5 -38.5) pg/mL] compared to patients with IL-6 < median [14.1 (10 -25.7) pg/mL]. Neither CRP nor
C ytokines orchestrate the inflammatory response, and available data suggest that interleukin-6 (IL-6) and its soluble receptor (sIL-6R) are central regulators of the inflammatory process (1) . Interleukin-6 is a well-known pleiotropic cytokine that promotes inflammatory events through the activation and proliferation of lymphocytes, differentiation of B cells, leukocyte recruitment, and induction of the acute-phase protein response in the liver (1) . Its bioactivity in several sites of the human body is regulated mainly by sIL-6R. Formation of the sIL-6R/IL-6 complex widens the repertoire of cells responding to IL-6 action (2). Additionally, sIL-6R regulates the transition between acute and chronic inflammation, suggesting its involvement in the resolution of the inflammatory process due to its agonistic properties (2) . Interestingly, plasma levels of IL-6 are highly correlated with surrogate markers of inflammation, such as C-reactive protein (CRP) and serum albumin (3) , and elevated plasma IL-6 and sIL-6R levels represent major risk factors for mortality, not only in the general population (4) but also in hemodialysis (HD) and peritoneal dialysis (PD) patients (5) .
A number of factors prevalent in patients with endstage renal disease (ESRD), such as advanced age, hypertension, adiposity, insulin resistance, fluid overload, and persistent infections, are associated with elevated plasma IL-6 levels (3). In addition, hypercytokinemia in PD patients might be attributed to low clearance of inflammation mediators, uremia per se, and factors related to the dialysis procedure, namely subclinical peritonitis and the bioincompatibility of PD solutions (6) . Inflammatory changes, such as an increased number of macrophages, are often seen in the peritoneum, even in the absence of peritonitis, indicating that the peritoneum of the PD patient is a chronically inflamed organ (7) . During PD treatment, thickening of the submesothelial space and alteration of the microvessel structure are commonly observed. These morphological alterations occur concomitantly with functional changes over time on PD, particularly in patients with higher peritoneal solute transport rates (PSTRs) for small solutes (8) . A high PSTR has been identified as a frequent cause of PD technique failure (9) and represents an independent risk factor for increased mortality in PD patients for reasons yet to be clarified (10, 11) . In a previous cross-sectional study, we observed that patients with high PSTR had higher plasma levels of IL-6 and higher prevalence of comorbidities such as diabetes mellitus and peritonitis (12) . Although it has been suggested that PSTRs for small and large solutes are closely linked, longitudinal information regarding the relationship between peritoneal transport of those solutes is lacking.
During PD, the peritoneal membrane is continuously exposed to bioincompatible dialysis solutions that contain high concentrations of glucose and glucose degradation products and have low pH and high osmolality, all of which are potential activators of a proinflammatory response (13) . Significant amounts of IL-6 are present in drained PD dialysate in much higher concentrations than in plasma under stable conditions (12) , and are increased shortly before the onset of (14) and during peritonitis (15) , suggesting its local production and reflecting an intraperitoneal inflammatory state (16) . Although intraperitoneal IL-6 has been used to evaluate local inflammation, intraperitoneal sIL-6R levels have not previously been described in the dialysate. Finally, inflammatory changes of the peritoneum are observed even before the initiation of PD treatment (8) , suggesting that systemic factors related to uremia may, at least in part, be responsible for histological and functional changes of the uremic peritoneum. Indeed, recent studies performed in animal models clearly demonstrate the impact of uremia in peritoneal membrane changes (17) . However, clinical evidence of the links between systemic and intraperitoneal inflammation remain to be demonstrated.
We hypothesize that signs of inflammation increase over time on PD, and that intraperitoneal and systemic inflammation are interrelated and associated with high PSTR of both small and large solutes. In the present study, we analyzed the natural evolution of the systemic and intraperitoneal IL-6 system (IL-6 and sIL-6R) in 31 patients during their first year of PD treatment with glucose-based solutions. Moreover, we analyzed the possible links between local and systemic inflammation, and the association between the IL-6 system and PSTR.
MATERIAL AND METHODS
This was a longitudinal observational study in 31 retrospectively selected patients who underwent PD treatment at the Home Dialysis Unit affiliated with the Department of Renal Medicine, Karolinska University Hospital at Huddinge, Stockholm, Sweden. All patients treated with conventional glucose-based PD fluids, with an early evaluation of PSTR (within 1 month after start of PD), a follow-up evaluation of PSTR after about 1 year, and simultaneous dialysate and plasma collections stored in our freezers were included in the study. The clinical characteristics were retrieved from patient files. Exclusion criteria were the presence of systemic inflammatory disease (e.g., vasculitis, disseminated neopla-sia) or peritonitis in the 4 weeks prior to, or after the evaluation. Mean age was 55 ± 15 years and 58% of the patients were males. The etiology of ESRD was diabetic nephropathy in 35%, chronic glomerulonephritis in 23%, nephrosclerosis in 10%, and unknown or other diseases in 32% of the cases. The first-month (14 ± 4 days) and 1-year (12 ± 2 months) analysis of PSTR based on the peritoneal equilibration test (PET) was performed as part of the routine clinical assessment at least once every 12 months in all patients, independent of their clinical characteristics. Peritonitis data were retrospectively collected from patients' records. The Ethics Committee of the Karolinska Institutet at the Karolinska University Hospital at Huddinge approved the study and all patients gave their informed consent to participate.
PERITONEAL TRANSPORT OF SOLUTES
The dialysate-to-plasma ratio (D/P) of creatinine at 4 hours in a standard PET performed with a 2.27% glucose solution was used to assess the peritoneal transport rate for small solutes. Creatinine determinations were performed by routine procedures in the Department of Clinical Chemistry, Karolinska University Hospital at Huddinge, using the Jaffé method. The D/P creat was corrected for glucose interference in the creatinine assay using the correction factor derived locally by our laboratory. According to the changes in D/P creat during the follow-up period, patients were placed into two groups: increasing PSTR or stable PSTR respectively. To assess the transport of higher molecular weight solutes, we used the D/P ratio of albumin in the 24-hour collection performed on the day previous to the PET.
INTERLEUKIN-6 AND sIL-6R
Samples for the determination of circulating and dialysate IL-6 and sIL-R were obtained from plasma EDTA obtained during the PET and overnight dialysate effluent (from exchanges with 2 L 1.36% glucose dialysis fluid) from the night preceding the routine PET. Plasma IL-6 and sIL-6R and dialysate sIL-6R were measured using an enzyme-linked immunosorbent assay (ELISA; R&D Systems, Minneapolis, Minnesota, USA). For the sIL-6R determination, plasma samples were prediluted 40 times and dialysate samples 5 times. The ELISA plates were read using ELISA VERSAmax reader (Molecular Devices Corporation, Sunnyvale, California, USA) and the data were analyzed with the SoftmaxPRO software (Molecular Devices Corporation). Dialysate IL-6 was determined using an automated immunochemiluminiscence method (Immulite; DPC Biermann, Bad Nauheim, Germany). The intra-and interassay variations were 2.3% and 4.2% respectively for IL-6, and 4.3% and 5.2% respectively for sIL-6R. The detection limit was 0.09 pg/mL for the IL-6 high sensitivity test and 6.5 pg/mL for the sIL-6R test.
OTHER MARKERS OF SYSTEMIC INFLAMMATION
In the same blood sample, serum CRP (immunonephelometric method; minimal detection limit 10 mg/L) and serum albumin (bromcresol purple method) were determined and used as markers of systemic inflammation. Patients were considered inflamed when CRP levels were above 10 mg/L or albumin below 3.5 g/dL.
STATISTICAL ANALYSIS
Normality of data distribution was assessed using Kolmogorov-Smirnov test. Values are presented as mean ± standard deviation or as median (interquartile range), unless otherwise specified. Paired Student's t-test or Wilcoxon signed ranked test were used to compare differences between baseline and 1-year evaluations. Correlation coefficients were performed by linear regression analysis for normally distributed variables, and by Spearman rank correlation test for skewed variables. Differences between groups were evaluated using the Mann-Whitney test. Calculations were performed using the Statistical Package for the Social Sciences (version 10.0; SPSS Inc., Chicago, Illinois, USA). A p value of less than 0.05 was judged to be significant.
RESULTS

BASELINE CHARACTERISTICS
At the start of PD treatment, mean 4-hour D/P creat for the entire group was 0.67 ± 0.15 (range 0.44 -0.95; median 0.66, interquartile range 0.57 -0.79). Six patients were classified as low transporters, 9 as low-average transporters, 10 as high-average transporters, and 6 as high transporters. Mean 24-hour D/P albumin was 0.14 (range 0.06 -0.40). Median CRP level was 14.6 mg/L (range 10 -44 mg/L) and median albumin level was 3.2 mg/dL (range 2.1 -4.6 mg/dL) ( Table 1 ). There was a significant correlation between small solute (D/P creat) and large solute (D/P albumin) transport (rho = 0.53, p < 0.005) (Figure 1 ).
ONE-YEAR CHARACTERISTICS
After the first year of PD treatment, mean D/P creat was 0.80 ± 0.12 (range 0.61 -0.96; median 0.80, interquartile range 0.72 -0.86) ( Table 1) . Three patients were classified as low-average transporters, 13 as highaverage transporters, and 14 as high transporters. Seventeen (61%) patients had increasing PSTR and 11 (39%) had stable PSTR compared to the baseline study. The PSTR increased (p < 0.0001) compared to baseline, but the same increase was not observed for D/P albumin (Table 1) . Mean 24-hour D/P albumin at the follow-up evaluation was 0.10 (range 0.02 -0.22) ( Table 1) . No association between transport of small and large molecules was observed after 12 months on PD (rho = 0.10, p = NS) (Figure 1 ). Median CRP level was 14.5 mg/L (range 10 -77 mg/L) and median serum albumin level was 3.3 mg/dL (range 2.4 -4.6 mg/dL) ( Table 1) .
LONGITUDINAL CHANGES IN INFLAMMATION MARKERS AND SYSTEMIC AND INTRAPERITONEAL IL-6 SYSTEM
No significant changes were observed for CRP and albumin levels during the evaluation. Median plasma IL-6 increased during the f irst year on PD, from 3.7 pg/mL (range 2.8 -6.1 pg/mL) at baseline to 6.5 pg/mL (range 3.4 -8.25 pg/mL, p < 0.05). Similarly, median dialysate IL-6 was greater after 1 year (32.8 pg/mL, range 24.6 -48.2 pg/mL) compared to baseline (19.7 pg/mL, range 12.6 -30.0 pg/mL; p < 0.05) ( Table 1 ). In contrast, no changes in either systemic or intraperitoneal sIL-6R levels were observed over time on PD (Table 1) . 
SYSTEMIC INFLAMMATORY STATUS AND PERITONEAL TRANSPORT
Patients with plasma IL-6 ≥ median at baseline had higher baseline values of 4-hour D/P creat [0.74 (0.62 -0.87) vs 0.57 (0.47 -0.66), p < 0.005] compared to patients with IL-6 < median. Changes in plasma IL-6 tended to correlate with changes in D/P creat (r = 0.35, p = 0.07), although this was not statistically significant. At baseline, there was a significant correlation between plasma IL-6 and 4-hour D/P creat (rho = 0.47, p < 0.05), but not between plasma sIL-6R and 4-hour D/P creat (rho = -0.17, p = NS). Additionally, plasma IL-6 was significantly correlated to D/P albumin at baseline. After 1 year, plasma IL-6 was no longer significantly correlated with D/P creat (rho = 0.16), but remained significantly correlated to D/P albumin (rho = 0.38, p < 0.05). Plasma sIL-6R remained, similarly to baseline, non correlated with D/P creat (rho = 0.36, p = NS). There were no significant associations between serum CRP and albumin levels with PSTR of small solutes, whereas serum albumin was associated with D/P albumin, both at baseline (rho = -0.42, p < 0.01) and after 12 months (rho = -0.51, p < 0.001). A summary of the associations between PSTR and inflammation markers is presented in Table 2 .
With the exception of the lack of correlation between baseline serum albumin and IL-6, all inflammation markers were correlated to each other, both at the baseline (CRP vs IL-6: rho = 0.35, p < 0.05; CRP vs serum albumin: rho = -0.47, p < 0.05) and at 12 months (CRP vs IL-6: rho = 0.70, p < 0.0001; CRP vs serum albumin: rho = -0.50, p < 0.05; serum albumin vs IL-6: rho = -0.47, p < 0.001).
CORRELATIONS BETWEEN INTRAPERITONEAL IL-6 SYSTEM AND PSTR
The associations between PSTR and the intraperitoneal IL-6 system are presented in Figures 2 and 3 . At baseline, there was a strong positive correlation between dialysate IL-6 and D/P creat (rho = 0.77, p < 0.0001), but not between dialysate sIL-6R and D/P creat (rho = 0.30, p = NS) (Figure 2 ). In addition, dialysate IL-6 also correlated with D/P albumin (rho = 0.49, p < 0.005). In contrast to baseline, after 1 year there was no significant correlation between dialysate IL-6 and D/P creat (rho = 0.14, p = NS), although the association between dialysate IL-6 and D/P albumin remained significant (rho = 0.44, p < 0.005). A significant positive correlation between 1-year sIL-6R and 1-year D/P creat (rho = 0.39, p < 0.05) was present (Figure 3) . Changes in dialysate sIL-6R tended to be associated with changes in D/P creat (r = 0.36, p = 0.07), although this was not statistically significant.
INCREASING VERSUS STABLE PSTR
At the 1-year evaluation (Figure 4 ), patients with increasing PSTR had higher levels of dialysate sIL-6R [594 pg/mL (range 341 -976 pg/mL) vs 388 pg/mL (range 206 -618 pg/mL), p = 0.05] compared to patients with stable PSTR (Figure 4) , and there was a significantly higher increase in dialysate IL-6 [19.9 pg/mL (range 15.9 -80.2 pg/mL) vs -1.4 pg/mL (range -168.9 to 66.5 pg/mL), p < 0.05].
PERITONITIS EPISODES
Ten patients had 12 episodes of peritonitis during follow-up. No differences in PSTR in patients with and without peritonitis episodes were observed. Similarly, there were no differences in serum CRP and serum albumin levels in patients with and patients without peritonitis. Interestingly, patients who later developed peritonitis presented a higher baseline serum IL-6 concentration (6.8 ± 1.0 pg/mL) compared with patients without peritonitis (4.0 ± 0.6 pg/mL, p < 0.05) ( Figure 5 ). Moreover, patients with peritonitis had higher dialysate IL-6 concentration (58.4 ± 12.6 pg/mL) compared with patients without peritonitis (20.3 ± 8.7 pg/mL, p = 0.07) at the IL-6 = interleukin-6; sIL-6R = soluble interleukin-6 receptor; D/P = dialysate-to-plasma ratio; NS = not significant. Rho is Spearman coefficient.
baseline evaluation, but this difference did not reach statistical significance ( Figure 5 ).
RELATIONSHIP BETWEEN SYSTEMIC AND INTRAPERITONEAL IL-6 SYSTEM
The dialysate IL-6 concentration was several-fold higher than the plasma IL-6 concentration, while the dialysate sIL-6R level was markedly lower than the plasma sIL-6R level (Table 1) . Plasma IL-6 and dialysate IL-6 levels were significantly correlated, both at baseline (rho = 0.46, p < 0.05) and after 1 year (rho = 0.40, p < 0.05) ( Figure 6 ). Accordingly, patients with baseline plasma IL-6 ≥ median had higher baseline levels of dialysate IL-6 (24.7 pg/mL, range 16.5 -38.5 pg/mL) compared to patients with plasma IL-6 < median (14.1 pg/mL, range 10.0 -25.7 pg/mL) (p < 0.05). This association was not present at the follow-up evaluation. On the other hand, there were no statistically significant correlations between plasma sIL-6R and dialysate sIL-6R, at baseline (rho = -0.25) or at 1 year (rho = 0.03). Since the concentration of sIL-6R was much lower in dialysate than in plasma, we analyzed if the dialysate concentration of sIL-6R was only a reflection of transport from circulation. Therefore, we compared D/P sIL-6R (55 kD) to D/P albumin (67 kD) and found no significant correlation between them both at baseline or at 12 months, suggesting that factors other than transport from circulation are involved in the appearance of sIL-6R in dialysate.
DISCUSSION
The present study is the first description of the natural evolution of the systemic and intraperitoneal levels of components of the IL-6 system (IL-6 and sIL-6R) during the first year on PD. The results of this longitudinal evaluation indicate that intraperitoneal and systemic inflammation increase in patients treated with conventional glucose-based PD solutions during the first year of PD, and that intraperitoneal and systemic inflamma- tion may be interrelated, particularly during the early phase of PD therapy. The alterations in the IL-6 system were closely associated with alterations in PSTR. We also describe that small and large solute transport rates are linked at baseline, but disconnected after 1 year on PD. Finally, signs of systemic inflammation appeared to be linked to increased risk for peritonitis. These findings, therefore, provide support for the hypothesis that inflammation may play a central role in the development of high PSTR, and that this involvement may at least partly explain the high mortality and morbidity observed in patients with high PSTR. Interleukin-6 is a 22 -27 kDa polypeptide secreted from activated monocytes, macrophages, fibroblasts, adipocytes, and endothelial cells in response to various stimuli, such as tumor necrosis factor alpha, IL-1β, bacterial endotoxins, and oxidative stress. It is notable that, whereas most other cytokines act via paracrine/autocrine mechanisms, the major effects of IL-6 are mediated by its concentration in the circulation, and thus IL-6 can exert its effects at sites distinct and far from its origin. Circulating IL-6 can be detected in healthy individuals in the 1 pg/mL range and it is markedly elevated in most ESRD patients (18) . Plasma IL-6 is considered a surrogate marker of systemic inflammation and its levels are strongly correlated with plasma CRP levels. There is now epidemiological information linking plasma IL-6 concentrations to cardiovascular morbidity and mortality in non-renal patient groups (4) and also in HD and PD patients (5) . In the present study, we show an association between plasma IL-6 and PSTR, as seen not only by the significant correlation between plasma IL-6 and D/P creat, but also by the increased PSTR in inflamed patients. Interestingly, this association between systemic inflammation and PSTR was observed only at the early phase of PD treatment and not after 1 year of dialysis therapy.
Interleukin-6 exhibits its action via a receptor complex consisting of a specific IL-6 receptor and a signal transducing subunit (gp130). The soluble forms of both receptor components are generated by shedding; they reach the circulation and then participate in the regulation of IL-6 activity. While sIL-6R binds to IL-6 in plasma, expanding the half-life of the IL-6/sIL-6R complex and extending IL-6 bioactivity to organs containing the gp130 membrane-binding site (1), circulating gp130 acts as an antagonist of IL-6 biological functions, namely activation of the acute-phase response, decreasing appetite, hypercatabolism, hypercoagulability, and accelerated atherosclerosis (2) . Furthermore, the formation of the sIL-6R/IL-6 complex appears to be important in the resolution of inflammation (19) . Similarly to IL-6, sIL-6R represents a risk factor for mortality in dialysis patients (5) , but the precise role of plasma and dialysate sIL-6R remains to be determined.
In the present study, plasma IL-6 levels significantly increased throughout the observation period, indicating an increase in inflammatory activity over time on dialysis. Potential causes for our findings are loss of residual renal function (RRF) and ageing [since they appear to be strongly correlated with systemic inflammation (20)], and clinical events occurring during the course of PD treatment. Because of the cross-sectional design of this study, it is not possible to draw definitive conclusions about the causes of the increasing inflammatory status in these patients. In this longitudinal evaluation, we confirmed our previous cross-sectional observation that plasma IL-6 appears to be associated with PSTR (12) , and found that this occurs mainly in the early phase of PD treatment. Interestingly, at the baseline evaluation, PSTRs of small and large solutes were interrelated, but this was not observed at follow-up. After 1 year of treatment, no correlation between systemic inflammation and PSTR of small solutes was present, but the link between plasma IL-6 and PSTR of albumin was still present. Reinforcing these results, we also demonstrated that patients showing more signs of systemic inflammation at the start of PD treatment presented higher PSTRs concomitantly with higher dialysate IL-6 levels.
It is likely that cumulative exposure to bioincompatible solutions may play a role in the persistent and increasing intraperitoneal inflammatory response, and therefore in the regulation of peritoneal permeability. Permeability changes have been observed following the administration of vasoactive drugs, such as nitroprusside (21) , and during severe inflammation, such as peritonitis (15) . In our study, intraperitoneal levels of IL-6 were several-fold higher than plasma concentrations, indicating local production of IL-6. Intraperitoneal production of IL-6 can probably be attributed to mesothelial cells (22) , macrophages, or endothelial cells (23) . It appears from recent studies that IL-6 is a central mediator of the inflammatory response in the peritoneal cavity. Hurst et al. (19) , combining clinical and experimental evidence, recently showed that IL-6 controls the pattern of leukocyte recruitment during inflammation. During the peritoneal inflammatory response, the intraperitoneal actions of IL-6 and sIL-6R are tightly linked and are particularly regulated by mesothelial cells. These cells by nature do not possess a cognate IL-6 receptor and therefore require the presence of the sIL-6R to be responsive to IL-6. According to Hurst et al. (19) , IL-6 participates in the early phase of the intraperitoneal inflammatory response, which is neutrophil mediated, while the later appearance of sIL-6R is essential for the resolution of the inflammatory process.
In our study, the association between 12-month dialysate sIL-6R and PSTR, in contrast to the early association between dialysate IL-6 and PSTR, hypothetically suggests that the transition in cytokine effluent production may reflect two distinct phases in the intraperitoneal inflammatory response, namely, an early (neutrophil mediated) and a late (mononuclear leukocyte mediated) phase, which may reflect a resolved inflammation process. However, to conf irm this hypothesis, it will be necessary to perform cytokine measurements during active inflammation (i.e., during peritonitis).
It is important to clarify that in vitro studies demonstrated higher IL-6 production in response to exposure to more biocompatible dialysis solutions, in which case IL-6 is presumably a marker of cell vitality (24, 25) . In contrast, ex vivo studies showed lower cytokine production when more biocompatible solutions were used (26) . In fact, recent clinical studies using a bicarbonate/lactate solution have shown that the intraperitoneal cellular response to the more biocompatible solution leads to lower dialysate levels of IL-6 in comparison to standard solutions, suggesting a reduced inflammatory response (27) . Also, in a clinical evaluation, Fujimori et al. (28) compared the effects of 1.36%, 2.27%, and 3.86% glucose solutions on dialysate levels of IL-6 and showed that a higher glucose concentration in dialysis fluid induced higher production of intraperitoneal IL-6. Therefore, in accordance with Cooker et al. (27) , we propose that intraperitoneal IL-6 concentration may be regarded a marker of ongoing intraperitoneal inflammation. Similarly to what was observed for systemic inflammation, the association between dialysate IL-6 and PSTR appears to be occurring mainly in the initial phase of PD treatment, although intraperitoneal IL-6 was associated with peritoneal permeability to large solutes in a previous cross-sectional study (14) , as well as in our own cross-sectional analysis (12) . In the follow-up investigation, we observed an association between sIL-6R and PSTR, and noted that patients with increasing PSTR presented higher dialysate levels of sIL-6R at 1 year. Moreover, the fact that patients with increasing PSTR presented greater changes in dialysate IL-6 levels during the first year of PD, and the observation of an association between changes in dialysate IL-6 and changes in RRF, the importance of the links between RRF, inflammation, and changes in PSTR are reinforced, as observed by Chung et al. (29) .
Another novel finding of our study is the association between systemic and local inflammation, based on the correlation between plasma and dialysate IL-6. This association appears to occur both in the initial phase of PD treatment and at a later phase. Whether systemic inflammation causes local inflammation or intraperitoneal inflammatory activation leads to a systemic response needs further evaluation.
Also of interest, we observed a discrepancy between the PSTRs of small and large solutes in the baseline and follow-up evaluations, and local and systemic inflammation (represented by both plasma and dialysate IL-6 levels) appeared to be consistently linked to the PSTR of albumin, irrespectively of the time of evaluation. This finding provides evidence connecting IL-6 to increased peritoneal leakage of proteins, which may reflect endothelial dysfunction. In contrast, the PSTR of small solutes was related to IL-6 only at baseline, but in the follow-up evaluation no associations were observed, indicating that inflammation may not be directly linked to the high PSTR that develops after long-term PD. The increased PSTR (based on small solute transport) may indicate dif ferent mechanisms of solute transport, depending on the moment when it is evaluated. Our results support the hypothesis that there may exist two distinct types of high transporters (30) , namely, the early inherent high transporter (associated with high comorbidity, inflammation, and protein leakage) and the late acquired high transporter (not associated with comorbidities, inflammation, and protein leakage). To advance understanding of the high mortality of patients with high PSTR, further studies need to confirm our preliminary data.
It is important to emphasize some significant limitations of this study. The retrospective selection, the low number of patients included in this analysis, and the short follow-up limit interpretation of the results, particularly in the subgroup analysis. Our observations need to be confirmed in prospective studies, performed in a large number of patients, before definitive conclusions can be drawn. On the other hand, clinical observational studies are important "hypothesis generators." Additional experimental studies (including in vitro and animal studies) will need to address variables that were not controlled in the present study.
In summary, our findings indicate that intraperitoneal and systemic inflammation increase over time on PD and are closely interrelated. Whether or not intraperitoneal inflammation reflects in systemic inflammatory activity, or if systemic inflammation causes an intraperitoneal inflammatory state, remains to be investigated in an appropriately designed study. The IL-6 system is associated with PSTR of both small and large molecules, IL-6 particularly in the early phase and sIL-6R in the later stage of PD treatment. In conclusion, inflammation may, at least in part, be linked to the development of a high PSTR, and this may contribute to the previously reported high mortality in high-transport PD patients.
